Reported here are analyses of the radioelements uranium, thorium, and potassium. Radiogenic heat production was calculated from these analyses to determine its contribution to in-hole temperatures and heat flow.
1.
Reported here are analyses of the radioelements uranium, thorium, and potassium. Radiogenic heat production was calculated from these analyses to determine its contribution to in-hole temperatures and heat flow.
ANALYTICAL METHOD
The radioelement contents of the samples were measured by gamma-ray spectrometry. Approximately 600 g of drill cuttings were sealed in 15-cmdiameter plastic containers. A delay of 3 weeks between sealing and analysis permits sort-lived daughters of uranium and thorium to attain equilibrium with the parent radioisotopes. The containers were placed on a 12.5-cm-diameter by 10-cm-thick sodium iodide crystal. The radiation penetrating the crystal was sorted by the spectrometer into gamma-ray energy levels, and the resulting spectra were stored in a 100-channel spectrometer memory. The spectra were interpreted with the aid of a linear least-squares computer method which matches the spectrum from a sample to a library of radioelement standards; the computer method for determining radioelement contents is a modification of a program written by Schonfeld (1966) . The basic operational procedures and calibration techniques have been described in more detail by Bush (1966, 1967) . Standards used to quantify the interpretations include the USGS standard rocks, New Brunswick Laboratory standards, potassium salts, and several samples for which U and Th contents had been determined by isotope dilution and mass or alpha spectrometry.
Uranium contents were measured indirectly by measuring the 26 Ra daughters ( 21l*Bi and 21lt Pb) to obtain radium-equivalent uranium (RaeU) values. Radium-equivalent uranium is the amount of uranium required to support secular isotopic equilibrium between the 226 Ra and its daughters measured in a sample. All uranium contents referred to in this paper are radium-equivalent values.
Although thorium is also measured from daughter products (212 Bi, 212 Pb, and 208 T1), isotopic disequilibrium is improbable because of the short halflives of the daughter products of 232 Th. Therefore, the daughter products measured are considered to be a direct measurement of thorium. Potassium is determined from the **°K constituent, which is directly proportional to the total potassium.
All the radioelement data reported here (tables 1 and 2) are based on replicate analyses. The coefficient of variation for the accuracy of these data, when compared to isotope-dilution and flame-photometer analyses, is about 3 percent for RaeU and Th and about 1 percent for K. The percentages are in addition to minimum standard deviations of about 0.05 ppm for RaeU and Th and 0.03 percent for K. Metamorphism ranges from schist to biotite gneiss and is usually gradational into the quartz diorite. In addition, most of the rock is badly fractured and weathered. Most of the alteration is related to hydration of the feldspars into kaolinite and montmorillonite along fracture surfaces.
The movement of fluids, particularly hydrothermal fluids, through a rock will often transport uranium and potassium into or from an area. Thorium is relatively insoluble and is less likely to migrate, but may be retained in resistate minerals and concentrated by weathering and sorting or absorbed on clays. Uranium and potassium seem to be highly mobile during metamorphic processes, but thorium is much less mobile during localized metamorphic episodes.
The radioelement distribution in drill hole Mahogany 5-4-1 ( fig. 1 igneous rocks using the constants from Birch (1954) . The heat production A, in units of 10~° cal/g-yr, was calculated from A = 0.73 U + 0.20 Th + 0.27 K, where U and Th are in parts per million and K is in percent.
The average heat production in both drill holes is near the lower limit of the range for intermediate rocks (table 3) . Neither hole exhibits a vertical gradient in heat production. Higher values below 145 m in Murphy 7-4-1 reflect an increase in RaeU and Th content in that zone.
